This study aimed to develop a design manual to be used during the initial stage of the nearly Zero Energy Building (nZEB) design process. Recently, with the increased demand for nZEBs, there are many architects and architectural firms who are becoming interested in nZEB design. However, since the nZEB design process requires a different approach to the conventional building design process, architects have difficulties with application of the nZEB design process in their projects. Therefore, a design manual which can be used in the nZEB design process was developed in this study. Based on an intensive literature review, energy-saving strategies and their performance levels, which affect heating and cooling energy consumptions were established for a reference building. To analyze the sensitivity of each energy strategy to the overall performance, computer simulations using EnergyPlus were performed. At the same time, an Analysis of Variance assessment was conducted to estimate the relative importance of each energy factor. The energy sensitivity and priority of the energy factors was developed into a set of design guidelines.
Introduction

Background and Purpose of Study nearly Zero Energy Building (nZEB) is a new concept
introduced by EU Directive, where nZEB is defined as a building that has a very high energy performance and nearly zero or very low amount of energy required should be covered to a very significant extent by energy saving strategies.
In the coming years, the building design community at large will be compelled by mandatory codes and standards that aim to reach nearly zero energy buildings (nZEBs). 1) The Korean Ministry of Land, Infrastructure and Transport will require all new buildings to be "nearly Zero Energy" buildings by 2020. 2) As building performance objectives become more ambitious and absolute, the number of energy reducing measures and their complexity of operations and design implementation tends to increase.
In common practice, when designers decide to improve building performance, they usually make estimates of the design variables to be modified, such as the building envelope, form, etc., and run many simulations. Designers will then try to establish the effect of 3) The relationship between the simulation variables and objectives may not be straightforward, especially when there are many parameters to be studied and the problem may be non-linear, meaning that a better design is not always guaranteed.
It is noteworthy that the initial design stages form the foundation of all new building designs. During these stages, the general size, orientation and construction of the building are defined; all subsequent decisions and design calculations are based on these characteristics. It is therefore essential that architects are able to evaluate their designs before important building characteristics are considered to be frozen. However, during the early design stage in most Korean architectural and engineering firms, the phasing of the design process is often undertaken at pace and so sufficient evaluation is difficult. In particular, there is usually inadequate time and budget to run a computer simulation of each structure. In this context, providing a set of design guidelines that shows a realistic design direction can be a way to ensure that important issues are addressed when realizing nZEBs. This study developed a design manual that architects can apply during the initial design stages.
This study intends to develop design guidelines which can easily be used for achieving a nZEB office situated in the central climatic zone of Korea during the early design stage. Although there have been a number of studies for offices and other building types, no attempt has yet been made to present guidelines with a priority of design variables and their energy sensitivity for offices in Korea.
Based on an intensive literature review, energy-related design variables and performance levels which affect the energy consumption were established for a reference building. To analyze the sensitivity of the overall performance to each energy-related design variable, an Orthogonal Array was used to decrease the number of experiments to 81. A reduction in the number of simulations in EnergyPlus was made possible, despite the fact that the number of combinations was 3 24 .At the same time, an Analysis of Variance(ANOVA) was conducted to estimate the relative importance of each energy parameter. The results of the ANOVA were used as data to develop the design manual for nZEBs.
The nZEB Design Process
Importance of the Initial Design Stage in the nZEB
Design process
Architects typically follow a top-down design procedure, which consists of starting with the building as a whole and then working down to smaller details, such as the wall finishes. This process is divided into several design stages. Even though the definition and detail of the various design stages may vary between designers, the basic idea remains the same. The initial design stages form the foundation of all new building designs. During these stages, the general size, orientation and shape of the building are defined. All subsequent decisions and design calculations are based on these characteristics. It therefore becomes more difficult and costly to alter the design as it progresses. Decisions made without careful consideration or knowledge of their consequences can thus have a dire effect. This top-down design practice has evolved over a long period of time and it is therefore unlikely that it will change radically in the foreseeable future. Energy-efficient design strategies for nZEBs need to take this into consideration.
Design Supportive Tool and Guidelines
The nZEB Design process, as shown in Fig. 1 , is suggested as a simple means of achieving energy efficient buildings. 4) In the design proposal, minimizing the building load, which is mainly affected by the building shape, form and thermal characteristics of 4 
Conditions of the Design Manual
Critical Variables
There are two elements that need to be considered when 
2) Priority Analysis
The priority in applying variables is decided by their contribution to energy savings, which means improved performance of the variables and subsequently an amount of energy which is saved.
Larger energy savings and an improved performance can be translated into a greater contribution. The cooling load is different from the heating load in Korea, and therefore the priority of variables will vary depending on the thermal loads. It may be necessary to deduce priorities by separating the cooling and heating to identify the features of variables. However, as the design manual has to prioritize variables so that they can be applied to the design, analyzing the priority for the entire load is required Such guidelines can be presented to others to show which steps were necessary in order to reach the desired energy use.
Energy-related Design Variables and Sensitivity Analysis
Energy-related Design Variables and Description of the Reference Building
There are many design parameters that affect the energy consumption of office buildings at every stage. Based on an intensive literature review, the many parameters were narrowed down to 24 main factors which affect the energy consumption of office buildings( The ranges for each parameter can be found in Table 2 The 
where N is the total number of experiments required, NV is the number of independent variables, and L is the number of bound The user can adopt the most adequate orthogonal array according to the number of parameters and input levels of each.
2) Full Factorial Experiment
A full factorial experiment is an experiment whose design 
Energy Simulation with the EnergyPlus Program
The simulations for load calculations were undertaken using the EnergyPlus program and a database for the analysis of variance was established based on the simulation results (Table 5) . Seoul Table 8 .
Percentage Contribution to Heating Energy Consumption
The most influential factor in the study was the wall insulation (the insulation of the office curtain wall). Though curtain walls are widely installed in more than 80% of office buildings in Korea, the performance is remarkably poor, which is attributed to the fact that the thermal bridge and air tightness have not been improved at all. This is considered to raise the influence of wall insulation. The WDR was found to affect total loads even when the cooling and heating load were separated for analysis, and the influence increased even further when it was analyzed with the total load.
This occurs due to the country's seasonal characteristics. During the summer, buildings facing south are expected to experience longer solar radiation loads. On the other hand, buildings facing north experience a significant conduction loss during winter, which makes energy saving difficult. Window insulation was found to affect the energy consumption depending on the insulation performance for north-facing buildings and SHGC performance for south-facing ones, which affect the heating and cooling loads respectively. Consequently, the influence was still found to be effective even when analyzed with the total load. When the cooling and heating loads were analyzed separately for each direction, the pattern was totally different from what had existed. This is because the solar radiation load is advantageous to the heating load but disadvantageous to the cooling load. One pattern offsets the other when it was calculated with the total load.
Development of the Design Guildelines
The guidelines present the priority of valid variables based on previous study results. They also illustrate the level of energy savings on a bar graph and the energy consumption with each variable in sequence to help users' understanding. This is illustrated in Fig. 3 .
Fig. 3 Design Guideline
The results of the study demonstrate that the insulation performance of the facade was the most significant factor that determined the energy consumption for office buildings that used curtain walls. This was thought to occur because their performance did not improve as significantly as that of the other variables did. It is therefore important to ensure that the thermal bridge and air tightness is addressed in curtain wall assembly and processing.
Designers, for their part, should also design the curtain wall in a way that enhances the thermal bridge and air tightness performance.
The WDR reflects the characteristics of Korean office buildings, where both cooling and heating loads occur seasonally. It is therefore recommended that building areas facing south and north
should not be kept small. Additionally, architects must be attentive to the Floor to Floor Height, Orientation, Surface Floor Ratio, SHGC (West), U-Value of Window (North), and VLT in addressing concerns on energy-conscious primary office building designs.
They should also give priority to the design variables selected in this research during the early design stage if they are to design energy-efficient office buildings effectively.
Conclusion
This study developed design guidelines for offices which simply 
